





























Π = Πa¯ = {x ∈
R













































































(P0) x = z
1 + z2 + . . . + zk
¼?BA@S
〈ai, zi〉 ≤ αi i ∈ {1, ..., k},
zi ≥ 0
¼?BA@S





























i ∈ {1, ..., n}.
È]_HbL.cKT`\VA[_H























Πa = {x ∈ Rn | 〈a¯, x〉 ≤ α
LN<>Q















































0, a(k),1, . . . , a(k),n
})










I = {1, . . . , n}
WÈ]_HÇA@S>T\`_<KcKTÚS7CDhBh½_NEflA@S>TÊTÚªA@H[TVUT»_?B<KA[=






ai1 , . . . , air
})



































a = (a1, . . . , an) > 0 ∈ R























































[u, v] ∩ S 6= ∅
Û½?BA.E_hBhO_^¼=ÊA@S]LNA










































































































? A*BfiDCEGFIHFG'$J#K$LM(N!)(	$IO#"P(Q'P(RK#SF ? 
F = Π ∩ {x ∈ Π | 〈nF , x〉 = d








































































F = Si1 + ... + Sir + p
¼?BA@S
Sij = {x ∈ Π
(ij) | 〈nF , x〉 = d
































K = {1, . . . , K}
E_HÊA@S>Tt?B<>QDTÚ+=[TA_NEgLffi\`_hBhOT`\VA@?O_< _NEÇ»_5=@?BA@?BcdT
cKT`\VA[_H[=xWY;1<tc7?OTV¼ _NEÉA@S>TgLNË_xcKT»DH[T`=[TV<KAMLNA@?O_<¦¼9T°L=[=@?B5<tA[_TVcdTVH@¾"UL^Úª?BULNhnEL\`T


















































































































































F = {x ∈ Π | 〈nF , x〉 = 1 }.
9¾"A@S>TgQDT`\`_UÊ»_5=@?BA@?O_<¦»>H@?B<>\V? »>hBTgA@S>TVH[TgTÚª?O=@A»DH@?O=@U=













(k) = {x ∈ Π
(k) | 〈nF , x〉 = d






























































































(k) = {x ∈ Π
(k) | 〈nF , x〉 = d














































































































? TfiDCEGF$h(Q'P(R%GF#'GFICEGF$ "GFJ ? 
rgues)s]uty90TVA'C>=9L=[=@CDUTA@S]LNA½A@S]TbL=[=[TVH@A@?O_<?O=½<>_A½A@H@C]TW;flS>TV<A@S>TVH[TbTÚª?O=@A[=9LQDT`\`_UÊ»_e
=@?BA@?O_<ffi_NE


























(k)i)〉 = 〈nF , a
(k)ik〉 (i ∈ J (k),
?BAE_hBhO_x¼=A@S]LNAA@S>TgLNË_xcKTÇH[_^¼cdT`\VA[_Hb?O=_H@A@S>_d_<]LNh{A[_A@S>Tg_CDA[TVH<>_H@ULNh0cKT`\VA[_H
nF .
J_^¼ ¼flTtËDCD?BhOQ LffiULNA@H@? ÚÍA@S]LNA?B<7cd_hBcKT`=LNhBhA@S>T`=[TtH[_x¼cKT`\VA[_H[=xWIJT`\`T`=[=MLNH@?BhB¾dÛflL^EGA[TVH"L
=@CD?BAMLNËDhOT»TVH@U°CDAMLNA@?O_<ffi_NEÉH[_x¼=JLN<>Qt\`_hBCDUÊ<>=xÛDA@S>?B=ULNA@H@? ÚtS]L=A@S>TJE_hBhO_^¼?B<DÊE_H@U1
M =





















































































































































































































































































































































F = {x ∈ Π | 〈nF x〉 = 1 }.
9¾"A@S>TgQDT`\`_UÊ»_5=@?BA@?O_<¦»>H@?B<>\V? »>hBTgA@S>TVH[TgTÚª?O=@A»DH@?O=@U=



















(k) = {x ∈ Π
(k) | 〈nF , x〉 = d











(k) (k ∈ K0)
LNH[ThB¾7?B<D?B<t»]LNHMLNhBhOTVh0S7¾7»TH[»DhÂLN<>T`=xÛD<]LNUTVhB¾
Hk = {z ∈ Rn | 〈nF , x〉 = d
k }, k ∈ K0,
? TfiDCEGF$h(Q'P(R%GF#'GFICEGF$ "GFJ ? §
¼?BA@S













































































Π̂ = = n− 1.
R_H[T`_^cdTVHA@S>TJEGCD<>\VA@?O_<


















































































































































































a = (a1, . . . , an) > 0 ∈ R
n ß ì× b = (b1, . . . , bn) > 0 ∈ R

































































































? ­fi7®#¯G'GF#L°¯#%°O#FG"J&#!#¯!)(	$GL ? ±
rgues)s]utJIK?B<>\`TA@S>TghB?B<>TxLNHEC><>\VA@?O_<
































a = (a1, . . . , an) > 0 ∈ R
n LN<>Q b = (b1, . . . , bn) > 0 ∈ R
n
¼flTÇ¼H@?BA[T
A = Πa =
\`_<Kc
({
0, a1, . . . , an
})
LN<>Q
B = Πb =
\`_<7c
({













































































































. . . . . . . . . , max{al, bl}e





















C = Πc =
\`_<7c
({
0, c1, . . . , cn
})




















































































































A ∨B ∨C =
\`_<7c
({
0, max{a1, b1, c1}e
1, . . . , max{ai−1, bi−1, ci−1}e
i−1, aie
i, max{ai+1, bi+1, ci+1}e
i+1,
. . . . . . . . . , max{al, bl, cl}e














≤ 1 = aici
LN<]Q bl
bl
≤ 1 = bici
ËT`\xLNC>=[T






































































































a > 0, b > 0
ËTgcKT`\VA[_H[=J_NE
R

















≥ . . . ≥ . . . ≥
api(l)
bpi(l)






































a = (a1, . . . , an) > 0 ∈ R
n ß ì×
b = (b1, . . . , bn) > 0 ∈ R





































































































































a > 0 ∈ Rn, b > 0 ∈ Rn,
ß
ì×




















































































































































a > 0 ∈ Rn, b > 0 ∈ Rn,
ß
ì×
































































Á i ≥ l
?B<A@S>T_H[QDTVH?B<>QªC>\`T`QËK¾
pi(A,B),





































































































[ai, al] ⊂ F iA.
8JTV<>\`T
[ai, al] ⊂ AB(l)
LN<>Q










































































































































































































{(0, 0, 0, 0), (7, 0, 0, 0), (0, 5, 0, 0), (0, 0, 3, 0), (0, 0, 0, 1)}
B Ö
\`_<Kc
{(0, 0, 0, 0), (2, 0, 0, 0), (0, 1, 0, 0), (0, 0, 10, 0), (0, 0, 0, 1)}
C Ö
\`_<Kc




1 2 3 4




1 2 3 4




1 2 3 4








= [ 2, 1, 4, 3 ]




















×PØ£ÙÛÚÜ Ý ÞßRàÜGáâÛã äå Þ;ßRàÜGáâÛã äå ÞßRàÜGáâÛã äå ÞßRàÜGáâÛã äå
âçæRâÛã è	ä
k = 1 k = 2 k = 3 k = 4
pi(A,B) [a1, a2] + [b1, b3, b4]︸ ︷︷ ︸
AB(1)
AB(2) = B AB(3) = A [a1, a2, a3] + [b3, b4]︸ ︷︷ ︸
AB(4)
pi(A,C) AC(1) = C [a1, a2] + [c2, c3, c4]︸ ︷︷ ︸
AC(2)
[a1, a2, a3] + [c3, c4]︸ ︷︷ ︸
AC(3)
AC(4) = A
pi(B,C) BC(1) = C [b1, b2, b3] + [c3, c4]︸ ︷︷ ︸
BC(2)
















	 min{1, 2} ≥ max{1, 3, 4}
ëù÷NêPîmøðíPîeðëùPíPúPïeîeí ñoü
pi(A,B),
	 min{1, 2} ≥ max{2, 3, 4}
ëù÷NêPîmøðíPîeðëùPíPúPïeîeí ñoü
pi(A,C),

















































A + B + C
ëì
30x1 + 30x2 + 5x3 + 6x4 ≤ 300
5x1 + 7x2 + x3 + 10x4 ≤ 95
5x1 + 10x2 + x3 + 2x4 ≤ 70
5x1 + 10x2 + x3 + 5x4 ≤ 85
150x1 + 210x2 + 35x3 + 42x4 ≤ 1610
15x1 + 21x2 + 35x3 + 42x4 ≤ 665
15x1 + 21x2 + 35x3 + 105x4 ≤ 980
25x1 + 30x2 + 5x3 + 6x4 ≤ 255
10x1 + 14x2 + 7x3 + 70x4 ≤ 490
25x1 + 35x2 + 5x3 + 7x4 ≤ 260.
? ABfiDCEGFIÄ%ÅQ&oL !GJ#F# !O#"$ 'GF#LGL;ÆÇCGÈ$ffiÉÊG¯J#K#SF#L ? 
é¸êPî¦øö ü÷Nøî








(0, 0, 0, 0), (10, 0, 0, 0), (9, 1, 0, 0), (9, 0, 6, 0), (9, 0, 0, 5), (7, 1, 10, 0), (7, 0, 16, 0),
(7, 0, 10, 5), (7, 0, 0, 6), (2, 6, 0, 0), (2, 5, 0, 5), (0, 7, 0, 0), (0, 6, 0, 5), (0, 6, 10, 0)









{(0, 0, 0, 0, 0), (7, 0, 0, 0, 0), (0, 5, 0, 0, 0), (0, 0, 3, 0, 0), (0, 0, 0, 1, 0), (0, 0, 0, 0, 9)}
B Ö
\`_<Kc
{(0, 0, 0, 0, 0), (2, 0, 0, 0, 0), (0, 1, 0, 0, 0), (0, 0, 10, 0, 0), (0, 0, 0, 1, 0), (0, 0, 0, 0, 3)}
C Ö
\`_<Kc
{(0, 0, 0, 0, 0), (1, 0, 0, 0, 0), (0, 1, 0, 0, 0), (0, 0, 4, 0, 0), (0, 0, 0, 5, 0), (0, 0, 0, 0, 2)}
D Ö
\`_<Kc





































= [ 4, 1, 2, 5, 3 ]
È>H[_UXwYH[_»_5=@?BA@?O_<3ªW î?BAflE_hBhO_^¼=A@S]LNA
AB(3) = AC(4) = AD(3) = A,
AB(2) = BC(4) = BD(4) = B,
AC(1) = BC(3) = CD(3) = C,





? ABfiDCEGFIÄ%ÅQ&oL !GJ#F# !O#"$ 'GF#LGL;ÆÇCGÈ$ffiÉÊG¯J#K#SF#L ?  






































































































ABC(5) = [a1, a2, a5] + [b3, b5] + [c4, c5]
E_H
min{1, 2, 5} = max{3, 4, 5}
?B<
Π(AB ),
min{1, 2, 5} = max{3, 4, 5}
?B<
Π(AC ),
min{1, 3, 5} = max{2, 4, 5}
?B<
Π(BC ),
ABD(5) = [a1, a2, a5] + [b3, b5] + [d4, d5]
E_H
min{1, 2, 5} = max{3, 4, 5}
?B<
Π(AB ),
min{1, 2, 5} = max{3, 4, 5}
?B<
Π( AD ),
min{1, 3, 5} = max{2, 4, 5}
?B<
Π(BD ),
ACD(2) = [a1, a2] + [b2, b4] + [d2, d3, d5]
E_H
min{1, 2} = max{2, 3, 4, 5}
?B<
Π(AB ),
min{1, 2} = max{2, 3, 4, 5}
?B<
Π( AD ),
min{1, 2, 4} = max{2, 3, 5}
?B<
Π(BD ),
ACD(5) = [a1, a2, a5] + [c4, c5] + [d3, d5]
E_H
min{1, 2, 5} = max{3, 4, 5}
?B<
Π(AC ),
min{1, 2, 5} = max{3, 4, 5}
?B<
Π( AD ),
min{1, 2, 4, 5} = max{3, 5}
?B<
Π( CD ),






(AB(1))(AC(2)) = [a1, a2] + [b1, b3, b5] + [c2, c4]
E_H
min{1, 2} = max{1, 3, 4, 5}
?B<
Π(AB ),








min{1, 3} > max{2, 4, 5}
?B<
Π(BC ),
(AC(2))(BC(5)) = [a1, a2] + [b3, b5] + [c2, c4, c5]
E_H
min{2, 3, 4, 5} = max{1, 2}
?B<
Π(CA ),
min{2, 4, 5} = max{1, 3, 5}
?B<
Π(CB ),
min{1, 2} > max{3, 4, 5}
?B<
Π(AB ),
(AB(1))(BD(5)) = [a1, a2] + [b1, b3, b5] + [c4, c5]
E_H
min{1, 3, 4, 5} = max{1, 2}
?B<
Π(BA ),
min{1, 3, 5} = max{2, 4, 5}
?B<
Π(BD ),
min{1, 2} > max{3, 4, 5}
?B<
Π( AD ),
(AB(1))(BD(3)) = [a1, a2] + [b1, b3, b5] + [c2, c4]
E_H
min{1, 3, 4, 5} = max{1, 2}
?B<
Π(BA ),








min{1, 2, 5} > max{3, 4}
?B<
Π( AD ),
(AC(2))(CD(5)) = [a1, a2] + [c2, c4, c5] + [d3, d5]
E_H
min{2, 3, 4, 5} = max{1, 2}
?B<
Π(CA ),
min{1, 2, 4, 5} = max{3, 5}
?B<
Π( CD ),
min{1, 2} > max{3, 4, 5}
?B<
Π( AD ),
(CD(2))(BD(5)) = [b1, b3, b5] + [c2, c4] + [d2, d5]
E_H
min{2, 4, 5} = max{1, 3, 5}
?B<
Π(DB ),
min{2, 3, 5} = max{1, 2, 4}
?B<
Π(DC ),
min{1, 3, 5} > max{2, 4}
?B<
Π(BC ),
(BD(3))(CD(5)) = [b1, b3] + [c2, c4, c5] + [d3, d5]
E_H
min{2, 3, 4, 5} = max{1, 3}
?B<
Π(DB ),
min{3, 5} = max{1, 2, 4, 5}
?B<
Π(DC ),
min{1, 3} > max{2, 4, 5}
?B<
Π(BC ),
(BD(3))(CD(2)) = [b1, b3] + [c2, c4] + [d2, d3, d4]
E_H
min{2, 3, 4, 5} = max{1, 3}
?B<
Π(DB ),
































? ffflfiffi fiflffflfi!"fi) ? ª










min{1, 3} > 2
ëù
Π(B
C
),
1 > 3
ëù
Π(B
D
),
2 > 3
ëù
Π(C
D
).
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